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1. 0 INTRODUCTION 
This research project investigated the potential of the lymphocyte 
specific gravity distribution (LSGD) as a nonspecifie procedure for early 
diagnosis of viral disease in astronauts. A general diagnostic test is 
needed to screen astronauts and scientific investigators prior to space 
travel. Extensive medical background data and long quarantine. will become 
impractical as the frequency of space flight, the variety and versatility 
of investigations, and the assorted backgrounds of flight scientists cul-
minate during the era of Shuttle. Also, such a procedure WOulfe offer 
additional benefits. Since viral infections can interfere with human per-
formance during any critical situation, individuals could be screened 
prior to an extensive travel assignment, underwater expeditions, isolation 
duty, etc. In elective surgery, diagnosis of early or subclinieal virus 
infections could reduce postoperative complications. Such a procedure 
might be usetul for general sereening of blood donations since recipients 
should not be subjected to a virus insult in their weakened condition. 
Virus intections invoke the host immune mechanisms. Of the two major 
immune mechanisms, humoral and cellular. the cell mediated 1mmune response 
(CMIR) conducted by the circulating peripheral blood lymphocytes may present 
the earliest and most indicative evidence of viral infection. The CMlR has 
been shown to be the major specific immunological defense against virus 
1 infection and to precede the appearance of circulating antibody. ~hoid 
cells diueminate the immune respor se: obscure morphologieal changes in 
eirculating lymphocytes have been noted in most virus diseases as early as 
2-3 days following infection2• Indeed, several hematologists have stated 
that th" appearance of atypical lymphoid cells in the blood appears to be 
an almost universal consequence of infection if sensitive aetbods for 
detection are used2• 
An extremely sensitive method for detection ot .ubpopulatlon. ot lymphoeyte. 
involves the analy.is ot their specitic 8f'&rity diltributlon. Recently t 
investigators have reported that nonaal t difterntiate4 cell. polless nt 1.'!'0'1 
, I 
r;=1·."·T'-~~~'-~--'-~'~~--~~-"~~=-"r;"F-
r 
" 
, 
~ .. 
, 
l 
l 
specific gravity distributions that are independent of cell size or stage 
of cell cycle and that a change in differentiation frequently produces 
quantum changes in specific gravity3. ~antum-like changes in narrow 
specific gravity distributions have been observed for lymph node lympho-
cytes in response to antigenic sttmulation4• Early investigations by 
Kelton showed that circulating lymphocytes from a healthy donor had an 
extremely narrow specific gravity distribution that was radically altered 
prior to clinical manifestation of a virus infection5• Further, a recent 
publication by Shortman reports an altered specific gravity distribution 
for a case of influenza6. A recent study by us showed abnormal specific 
gravity distributions tor patients with multiple sclerosis and other 
neurological diseases 7 • In our hands, subpopulations constituting only 
about 0.1% of the total population can be readily identified if isolated 
by the density gradient technique. Thus, the specific gravity spectrum 
of lymphocytes may embodf the sensitivity necessary to recognize activity 
of the CMlR related to early virus infections. 
In our studf, virus infections are shown to result in significant 
differences between the specific gravity distribution of peripheral blood 
lymphocytes from patients and those from healthy volunteers. Additionally, 
new subpopulations of lymphocytes and changes in the distribution of those 
subpopulations usually present in healthy donors were identified as a 
result of analysis of the specific gravity distributions of lymphocytes 
trom patients with viral disease. Alterations in the LSGD were also noted 
following tmmunization against viral disease. A computer progr .. vas 
developed to aid in quantitative characterization of the distributions and 
important improvements in technique are reported. Although INCh additional 
research is required, there should be little doubt as a result of this 
studf that characterization of lymphocytes by physical paraaeters is an 
important contribution to the diagnosis and studJ of human d1sease. 
2.0 MErHC'DS AND MATERIALS 
The procedures are related in order of t_peral '84,unce. MoN detail 11 
furnished vhere significant taprovaaents in technique vere aecaaplished. 
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2.1 PREPARATION OF THE FICOLL 
In these experiments, Ficoll (Pharmacia, Uppsala, Sweden) was used as the 
gradient material. There has been some discussion in the literature that 
the low molecular weight molecules in the Ficoll cause a loss of resolution, 
so the Ficoll was dialyzed to circumvent this problem. The dialysis was 
carried out using a Dow HFD-l5 Mini-Plant Dialyzer (cellulose hollow 
fibers) with a nominal molecular weight cut-ort of 5000 (Dow Chemical 
Company). Ficoll was dissolved in deionized, distilled water (30, to 
10 ml) and filtered through a 5JJ, 142 mm filter (Millipore Corporation, 
Bedford, Mass.). The apparatus for dialysis is shown in Figure 1. 
Essentially, the Ficoll was drawn trom a flask and pumped into the fibers 
of the dialysis cartridge by a peristaltic pump. The resultant pressure 
on the fibers was monitored by a gauge on the line between the pump and the 
fibers. On the output side of the tibers, a micrometer needle valve 
(Gilmont) was placed to provide sufficient back pressure to les.en osmotic 
dilution during dialysis. Atter passing the needle valve, the Ficoll 
tlowed into the recovery tlask. Distilled water bathed the outside ot the 
fibers in the dialysis cartridge. The water was drawn from a distilled 
water bottle by vacuum past a needle valve and ball flowmeter in order to 
measure and regulate flow through the cartridge and establish counter-
current flow. The water was drawn out by a Vanton tlex-i-liner vacuum 
pump, capable of pumpirlg both air and water. The vacuum was controlled by an 
air bleed and monitored by a vacuum gauge between the pump and the dialysis 
cartridge. Conditions used during dialysis were: counter current tlow with 
a ratio ot eight water to one Ficoll solution. 6.5" Hg V&CUUII on the water, 
and 25 psi on the Ficoll. These conditions resulted in a Ficoll tlow rate 
of about 9 ml/min. After dialysis, the osmolarity ot the Ficoll was 
increased to human osmolarity (289 MOsm/Kg, Reterence 8) by addition ot 
lOX Hank's Balanced Salt, Ca and Mg tree. OBllOlarity wu measured by 
treezing point depression (Advanced Digillatic 08llOlleter, Advanced Instru-
ments, Needham, Mass.). Finally, Ficoll was tiltered sterilized through 
a 0.22 micron, 142 111m Mill1pore plate tilter and a neI lab P'IIP (Model 
RRP-SY, Fluid Metering, Inc., Oyster Bar, R.Y. 
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. Figure 1. APPARATUS FOR CONTINUOUS DIALYSIS OF FICOLL 
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2.2 DESCRIPTION OF THE GRADIENT JiURMER AND GRADIENT FORMATION 
A highly precise gradie~t tormer vas developed by our laboratory and is 
shown in Figure 2. The gradient tormer used a mixing chamber containing 
the high density, Ficoll-HBSS mixture. HBSS, Ca + Mg free, ~aB introduced 
continuously into the chamber, vhile the F1coll-HBSS mixture vas removed 
at tvice the rate of HBSS intusion. These inflov and outflow rates resulted 
:1 n the formation of a linear gradient. The exact outfiov to inflow ratio 
is very critical to the formation of truly linear gradients. Other devices 
commonly used tor torming gradients employ peristaltic pumps which have 
been found to vary excessively In the pumping rate and eonstanc1 of each 
channel, 80 it vas necessary to design and develop a new gradient former. 
Our device employs thrt!e syringes. one for inflow and two for outtlow. The 
two outfiov syringes remove a dense fluorocarbon liquid (re-80. Medical 
Products D1 vision, Minnesota Mining and Manutacturing COlUJI&D1) trc. a 
centrifUge tube. The use ot a cone and fiuorocarbon liquid help inaure the 
deposi tion of a lIIIlooth. linear gradient. 
2.3 COLLECTION OF BLOOD AND DEFIBRINATION 
Blood was obtained by venipuncture uaing a 20 gauge needle and 30 cc syringe. 
Defibrination vas accomplished in 16 x 150 am s11iconized glass tubes con-
tainln" six 5 am diameter siliconized glass bead8. The tubes vere vigorously 
rocked for five to ten minutes to cc.plete the defibrination. 
2.4 RECOVERY OF LYMPHOCYTES 
The defibrinated blood vaa mixed vith Pl .... Gel (Rocer Bellon Laboratoriea, 
France) in a ratio of three parts blood to one part pl ..... gel. Atter 
mixing by gentle rocking, the tubes vere allowe4 to stand at rooa teaperature. 
As the red blood cella aediante4 due to aggregation into rouleaux t the auper-
natant containing the lymphocltes vas r..ove4 b.r IUcceaaive pipettings. 
Sedimentation vas ccmplete in 20 to IJO minutes. PHla and IIODOCytes vere 
elilllinate4 b7 passing tbe supel'1latant tbro\aah a colua ot aCl'Ubbe4 D1lon 
fiber (Fenvall ~boratoriest Division ot TrayeDOl Laboratories). The 
col\llJl consisted ot 0.3 gr.a ot nylon tiber iuerte4 into a 200 _ 10118. 
2T cc condenser with & vater Jacket beated to 3""C bJ a vater bath. Flow 
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rate of the supernatanl. through the column vas 25 Ill/hr. The (;olumn vas rinsed with about three ml of tris buftered saline (North American Biologicals, Inc.). The column effluent vas centrifuged tor 5 min at 200 g and resuspended in 0.87% NH4Cl at 37°C tor three minutes to lyse the remaining red blood cells. Next, the cells vere centrifuged and resuspended in Hank's Balanced Salt Solution (HBSS) containing 1.0 ms/ml fibrinolysin, 6 counted in a hemocytometer, and tinally about 2 x 10 lymphoeytel vere resuspended in a 0.5 III HBSS-tibrinolysin. This final suspension was passed through a 37 micron nylon mesh to eliminate any remaining clumps and layered on the gradient. 
2.5 EQUILIBRIUM CENTRlFUG~ION 
The cells were centrifuged to buoyant equilibrium in a SWinging bucket rotor and high speed centrifuge (Sorvall, RC2-B vith H8-4 rotor) at 10,500 rpm for 60 minutes. Previous studies have established the conditions tor equilibrium and acceptability of the spin-down technique5• 
2.6 DISPLACEMENT, COURTING AND PLOTTING OF THE DISTRIBUrION 
Apparatus for displacement and characterization of the distribution is shown in Figure 3. The gradient. was displaced by intusing fluorocarbon into the bottom of the centrifuge tube. The displacement was eftected by a Harvard syringe pump (Harvard Apparatus Mills, Mass.), modified to be capable of producing 100 psi. The gradient was d1splaced through a cone, through a continuous refractometer (Anacon Model 47 modified to accOllllllOdate a 1/16" flow-through cell), and into a continuous dilution system vhere the incoming sample vas diluted 1 :12 with filtered BSS and vigorous .ixing. Tbe cells were then counted by a continuous particle counter (HlAe Model PC-302 SSTA High Accuracy Products Corp., Clarsont, CAl. Channel settings for the counter vere 2-15~ for the cell counting channel, and >15~ tor the upper channel which was used to monitor any clumping ot cells. 
The dilution system consisted of a FMI pump (Model RRPG150), several 0.2 micron pleated membrane filter capsules (Gelman 112016 Gelaan Instrument Company, Ann ArtY.>r, Michigan), a ball-type flOWlleter (Gillllont), a M111ipore 47 mm membrane filter, a 500 JIll reservoir, mixing chamber, and the cell 
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Figure 3. SCHDtATIC OF APPARATUS FOR DETERMINATION 
OF SPECIFIC GRAVITY DISTRIBt11'ION 
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<:) counting sensor. These components were connected in a recirculating 
o 
o 
system. Isotonic balanced salt solution was used as the dilution fluid, 
and the fluid in the reservoir vas replaced after the displacement of two 
gradients. The mixing chamber consisted of a glass tube containing two 
loose-fitting, cylindrical , stirring magnets positioned in line with like 
poles in repulsion. An Alnico V horseshoe magnet mounted on a stirring 
motor was positioned under the mixing chamber. The rotation of the horse-
shoe magnet caused the stirring bar magnets in the mixing chamber to wobble 
and mix the solution. This design was an effective mixer and had a low dead 
volume (about 0.3 cc), thus keeping loss of resolution to a minimum during 
the dilution and mixing. The continuous refractometer verified the con-
tinuity and linearity of the gradient. The eontinuous cell counter printed 
the number of cells counted at each one-minute interval. The data, along 
with the refractive index of samples (Bausch and Lomb Precision Refracto-
meter) taken at the start and end of the gradient were entered into a 
Hewlett-Packard HP 9810 desk top calculator with plotter whieh, using a 
program we developed, normalized the data to peak count, converted refractive 
index to density, subtracted,background, and plotted the cell number as a 
function of cell density. 
2.7 DONOR SELECTION, VIRAl, DIAGNOSIS AND IMMUNIZATION 
Peripheral blood samples (5-20 ml) were obtained from donors in subjective 
"ood health and from patients selected by T. Yamauchi, M. D., at Harbor 
General Hospital, Torrance, California, under a subcontract. ~e to 
difficulty in establishing positive serological diagnosis of any particular 
viral disease, patients with disease of certain clinical diagnosis were 
selected and serological diagnosis was thereafter used to support the 
clinical diagnosis. 
In addition to the selection of patients with viral disease, charaeterization 
of changes 1.n the specific gravity distribution of lymphoeytes following 
immunization against viral disease was attempted. A total of ten volunteers 
were each immunized with one of the following vaccines: influenza, mumps, 
rubella, or smallpox. Blood samples were obtained and analyzed before 
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tmmunization and at 1, 2, 3, 1, 9, 14, 11, 21 and 30 days posttmmunization. 
This study sought to safeguard the rights and safety of subjects. Donors 
were given a full explanation of the procedure and the intended use of the 
blood sample prior to obtaining freely given consent. The risk was mintmal 
since only a small amount of blood was drawn. The research was justified by 
prior studies that established need for further research and was accomplished 
by scientifically trained personnel. 
2.8 ANALYSIS OF I£GDs FOR SUBPOPULATIONS 
2.8.1 Dissection by Parabolas 
To investigate the presence of subpopulations in the obviously heterogenous 
LSGDs, the distributions were plotted semilogarithmically with cell number 
on the ordinate and density on the abscissa. Each distribution was dissected 
into a sum of parabolas, corresponding to the components of the heterogenous 
distribution, by standard mathematical technique
9
• Essentially, parabolas 
were fitted by hand to each major component characterized by a peak or 
shoulder and that portion of the associated descending 11mb that was least 
influenced by other components. The parabola was plott.ed about the axis of 
symmetry at the peak or shoulder. Smaller components were identified by 
subtraction of the major parabolas from the heterogenous distributions. 
2.8.2 Computer Program for Fitting Gaussians to Data 
In order to develop parameters for analysis of the distributions, a computer 
program was written using published subroutines
lO
• This program fits 
Gaussians to the data, computes chi-square, and iteratively adjusts the 
Gaussians until chi-square is minimized. The program is delineated in Appendix A.
 
Input to the program is: each peak's estimated central density, (J t and 
maximum count; starting and ending densities (X); and cell counts (Y). 
Output from the program consists ot: the input data; the best tit peak 
center, (J, and max count tor each peak; the sua ot the best tit Gaussians 
(for comparison with the original data); the eomponent Gaus.ians; and a 
10 
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plot of the original data, the composite fit, and each Gaussian. Appendix A 
contains the computer program and a representative data printout. Program 
MAIN is essentially a driving program for CHIFIT and other subroutines. 
Data are input up to line 43, and lines 44-48 set up the X values. The 
increment sizes used by CHIFIT are then set up, and CHIFIT called in line 
57. In lines 61 to 74, the process is repeated until CSQ (the sum of the 
squares of the differences between input and output Y values) reaches a 
minimum. The rest of the program prints and plots the results. 
2.8.3 Sizing of Nuclei fram ~bocytes ot Ditterent Specitic Gravity 
In order to further investigate the presence ot subpopulations of lymphocytes 
within the heterogenous ISGD, another physical parameter, the size ot the 
nucleus, was measured tor lymphocytes isolated in different density regions 
of the gradient. Thus, a puritied suspension ot lymphocytes vas split and each 
sample simultaneously centrifuged to buoyant equilibrium on identical gradients. 
One gradient was displaced and counted by the usual procedure to characterize 
the LSGD. The second gradient was displaced through the continuous refracto-
meter and fractions collected in centrifuge tubes. Based upon the LSGD from 
the first gradient and the refractive index of fractions from the second 
gradient, fractions were collected for each selected region of the LSGD. 
Each density fraction was diluted and the lymphocytes concentrated by 
centrifugation. The lymphocytes were resuspended in BSS containing 5 mg/ml 
of hexadecyltrimethyl ammonium bromide (Matheson) in order to strip the 
nuclei of outer membrane and cytoplasm. The isolated nuclei were counted 
and sized by a Cytofluorograf (Biophysics Model 4802A). Relative size was 
measured by small angle scattering at 4800 1 and the distribution ot number 
at each size stored in a 100 channel analyzer. The size distributions for 
each selected density region were hand plotted from printout ot the data. 
2.9 STUDY OF GRADIENT CHARACTERISTICS 
Since the results of this study were very dependent upon the characteristics 
of the linear density gradient, studies were conducted on the relationship 
between retractive index (RI) and specific gravity, the linearity and 
11 
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similarity of simultaneously formed gradients, and the reproducibility of 
LSGD. 
2.9.1 Relationship Between RI and Specific Gravity 
The stock solutions of Ficoll-HBSS used in formation of linear gradients 
were used to make up several calibration solutions. Solutions tram about 
1.0070 glce to 1.0973 g/cc were made by mixing the Ficoll-HBSS with HBSS. 
Densities were determined using a specific gravity balance (Troemner: 
Philadelphia, Pa.) Temperature of the solutions while being measured for 
density was kept at 20oC±0.02oC by circulating water through a Jacket on 
the balance's fluid reservoir and through a bucking heating and chilling 
system. RIs corresponding to the density measurements were determined 
using the temperature controlled high precision refractometer which gave 
RI to the fifth dectmal place by interpolation (Bausch and Lamb Precision 
Refractometer) • 
A plot of RI vs density was made with RI on the ordinate and denSity on 
the abscissa. A Hewlett-Packard 9810 calculator with statistics pack was 
used to do a linear regression on the data. 
2.9.2 Gradient Linearity and Similarity 
Any work involving linear gradients must show that the gradients are indeed 
linear. Any significant deviation from linearity or discontinuity in the 
gradient would distort the LSGD and could produce artifacts. Further, 
gradients simultaneously :urmed by the same apparatus must be highly similar 
if the conditions of linearity and uniformity are to be met. In this work, 
linearity and similarity were demonstrated by displacing four simultaneously 
formed gradients, as described, and fractionating each into thirty equal 
fractions. The refractive index of each fraction was measured using the 
high precision refractometer. The correlation coefficient wa. determined 
for the least squares, linear fit of the useful portion ot each gradient, 
and the composite ot the tour gradients as a measure ot the similarity of 
the gradients. 
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t:) 2.9.3 LSGD Reproducibility 
o 
o 
Reproducibility was investigated by dividing a sample ot purified lymphocytes, 
layering onto each of two simultaneously formed gradients, centrifuging to 
buoyant equilibrium, and characterizing each UlGD as usual. Comparison was 
made by difference in density of prominent features of the peak and calcu-
lation of the correlation coefficient. 
3.0 RESULTS 
The results are presented in five parts: comparison of healthy donors 
and patients, studies of immunization, analysis ot distributions tor sub-
populations, miscellaneous stUdies ot disease, and inspection of gradient 
characteristics. Throughout these studies, monitoring of over 150 gradients 
by the continuous refractometer did not show any discontinuities in the 
gradients and did not reveal any significant departure tram linearity over 
the region ot the gradient used to characterize the specific gravity dis-
tribution of lymphocytes. 
3.1 COMPARISON OF HEALTHY DONORS AND PATIENTS 
Peripheral blood samples were analyzed for 25 healthy donors and 20 patients 
with positively diagnosed viral disease. Figure 4 shows a superpositon of 
distributions from the first 15 healthy donors, while Figures 5-10 show 
example, individual distributions for six patients with viral disease. The 
computer plot, with original data points for each healthy donor and patient 
with virus disease, is shown in Appendix B. Note the similarity of the 
distributions for the controls in contrast to distributions trom disease 
states. The typical distribution for a healthy person, when plotted on a 
linear scale, shows fev cells at low densities, rises quickly to the peak, 
and tapers off at high densities. 
The most striking difterences between distributions from control and from 
patients are the density position of the lI&in peak, the width of the main 
peak, and the relative percentage of cells contained 'b1 the maln peak. 
Therefore, the parameters chosen for statistical cCliparison were: density, 
13 
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of the main peak at its highest count, full width at half maximum (FWHM) 
of the main peak, and area encompassed by the FWHM. In order to obtain 
these measurements, the distributions were normalized to the highest cell 
count and plotted with a linear scale using the HP 9810 with plotter. The 
density position of the main peak and FWHM were measured ~irectly from 
these plots. The fraction of the total area encompassed by the FWHM was 
measured by planimetry. 
Table I gives the values for the main peak density, area fraction, and 
FWHM for healthy donors. alons with the upper and lower confidence limits 
at the 90, 95 and 98 percent levels. The values which fall outside these 
limits are indicated with an asterisk. Table II contains the same infor-
mation for donors with viral disease. As can be seen troll the two tables, 
by requiring all measures to be inside the confidence limits for normals 
and at least one measure to be outside for subjects with viral disease, 
only 3 false negatives of 20 patients would have been diagnosed. In order 
to minimize false negatives and false positives using all three criteria, 
the 95% level of confidence would yield 3 false negatives and one false 
positive. 
The serology results are given in Table III. Although the serology 
eliminated 2 additional false negatives, no additional insight was provided 
regarding the analysis of the specific gT'61ity distributions. 
3.2 IMMUNIZATION STUDIES 
The temporal changes in LSGD following immunization are illustrated in 
Figure 11. for subjects 3 and 5. The changes can be generally character-
ized by a shift in density of the _in peak to sCIIlewhat lower densities 
after day 1 or 2, and the appearance of more cells in the low density 
region (1.02 - 1.04 g/cc) after about day 9 following tmmunization. The 
LSGDs for subject 5 are shown superimposed in Figure 12. The presence of 
at least 3 major subpopulations of lymphocytes duriDR immunological response 
can be easily identified. 
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TAilLE I. STATISTICAL ANALYSIS or LSGD PARNIETERS FOR HEALTHY DONORS 
MIll" PEIIK DEISITT HIIIN PEAK AREA FRACTION HIlI" PEAK AI"'" Confidence L'.'ts Conffdence LfMlts CONFIDENCE LIMIJS S'",,1[CT lID. YAlI/[ 90S 951 981 YAlU! 90s 951 981 VALl/[ 90s 951 981 1.060l 1.0610 1.0617 
.69990 
.72319 .74516 
.009091 .009461 .009810 1.0535 1.0528 1.0Ul 
.48026 
.45697 .43500 
.005599 .005229 
.OO4l!BO i 
'" 
1.0541 
.575 
.00636 '~ N2 1.0564 
.477 
* 
.00530 
* 
.:~ -, 1f3 , .0544 
.588 
.00712 
~: ( 
I'M 1.0547 
.487 
.00833 IS 1.0565 
.595 
.009242 
* 
w 
.. 
N6 1.0562 
.520 
.00712 17 1.0544 
.565 
.00758 ~~~ 
'" 
1.0547 
.576 
.00788 
(. 
lit 1.0559 
.544 
.00727 Ino 1.05n 
.509 
.00667 
i 
"11 1.0571 
.541 
.00667 
I I\) 
·1 I\) "12 1.(:541 
.606 . 
.00727 
i 
"Il 1.0541 
.549 j 
.00591 I N14 1.0555 
.590 
.00727 i "J5 1.0565 
.513 
.00773 1116 1.0595 
.640 
.C083 If" 1.0608 • 
.599 
.0092 • 1111 1.0592 
.626 
.0087 ~~ If19 1.0571 .740 • • 
.0062 6 Il12O 1:0583 .672 
.0075 ~~ N21 1.0590 .605 .0093 • N22 1.05&!; .662 
.0066 
€~ 1 1123 1.0593 .• 619 .0068 
» t 1124 1.05tS .635 .0071 c:-t~ 1125 1.05" .719 • 
.0062 ~: 
• Outs'* of CoIIfldlftce LI.'ts 
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TABlE II. STATISTICAL ANAlYS!S OF lSGD PARAMETERS FOR PATIENTS WITH VIRAL DISEASES 
MAIN PEAK OENSITY MAIN PEAK AREA FRACTION 
Confidence l'.'tss Confidence Limits 
SIJB.J£CT ~. YIML DISEASE V.lue 9M 95% 981 V.lue 
901 951 981 Value 
1.0603 1.0610 1.0611 .69990 .72319 .74516 
1.0535 1.0528 1.0521 .48026 .45697 .43500 
" 
SSP[ 1.')634 • • • .3696 * • • 
.00856 
Y2 fI£_SlES 1.0612 * * 
.5359 .008788 
Yl !'!l.""IIS 1.0646 • • • 
.6071 .015672 
,. 
". 5 '""LEl 1.n640 * • • 
.6204 .009850 
'5 Ct!ICK£II POll 1.0634 • • • 
.6497 .. 014179 
" 
MUMPS 1.11609 * .5011 
.006364 
" 
1'[1151.£5 1.1)543 .6586 
.012239 
Y8 '1iAl ElIM1'HEM 1.0670 • * • .2908 * 
• * .00500 
I\) 
" 
'ARICElU 1.OS71 .3758 • • 
• .015758 
UI 
.,0 VAltlCf.llA 1.0589 .4614 • .018333 
'11 VARICElLA 1.0298 * • • 
.5905 .016818 
'12 'MICElLA 1.0519 
.2969 • * * .008657 
,n YAIUallA 1.0580 .5018 
.006800 
Y14 'MICRLA 1.0511 .6368 
.023636 
Y15 VAJlICElLA 1.0500 * • • .6272 
.035751 
Y16 'ARICElLA 1.06fI6 • .5844 
.012879 
'11 MUMPS 1.0608 • 
.5637 .007727 
"11 M(IK'ES Z(HTE1I 1.0599 .8058 
.0092 
Vl9 II£IIPES ZOSTER 1 •• }I;1I2 .8513 
.0041 
V20 II("'ES ZOSTER 1.0603 • 4281 • • • 
.0105 
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.005229 
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• 
• 
* 
• 
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* 
• 
• 
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• 
" 
'81 
.('')9810 
.CNa80 
• 
• 
• 
* 
• 
• 
• 
* 
• 
• 
• 
• 
0 
'" 1 
PATIENT , 
Vl 
V2 
V3 
v4 
V5 
v6 
V7 
v8 
V9 
VlO 
Vll 
Vl2 
Vl3 
Vl4 
Vl5 
Vl6 
Vl7 
Vl8 
• 
Vl9 
V20 
Table III. SEROLOGY OF VIRAL DISEASE 
VIJW.. RESULTS 
CLINICAL DIAGNOSIS 
OF DISEASE 
SSPE 
Measles 
Mwaps 
H. Simplex 
Chicken Pox 
Muaps 
Measles 
Viral Exanthema 
Varicella 
Varicella 
Varicella 
Varicella 
Varicella 
Varicella 
Varicella 
Varicella-Reyes 
Mumps 
Herpes Simplex 
Herpes Zoster 
He~8 Zoster 
ISOLATION 
Not Done 
No Isolation 
No Isolation 
H. S1mpl.ex 
No Isolation 
No Isolation 
No Isolation 
No Isolation 
No Isolation 
Not done 
Varicella 
No isolation 
Not Clone 
Not Clone 
Not done 
No isolation 
Mumps virus 
Herpes S1aplex 
No isolation 
No ieolation 
+ • serum available 
o • 8erum not available 
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SEROLOGY 
ACUTE CONT. 
Not Done 
+ 0 
+ 0 
1/64 1/64 
+ 0 
1/64 1/64 
+ 0 
+ + 
Not done 
Not done 
Not done 
Not done 
el/8 ~1/64 
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The temporal changes for all 10 subjects are shown in Appendix B. Their 
features cannot be conveniently characterized, but certain common features 
did emerge. Thus, in the low density region (1.02 - 1.04 g/cc), the sub-
populations shifted to slightly higher densities during the interval between 
2 and 6 days posttmmunization in 7 out of 9 cases, and tended to lower 
densities during 7 to 10 days in 8 of 9 cases. In the density region above, 
1.05 glcc (see Figure 13), there was a general shift to a position of lower 
density for the major peak at 7-10 days postimlllunization, disappearance of 
subpopulations at 11-20 days, and indication ot reappearnce of subpopula-
tions at 21-34 days. 
3.3 ANALYSIS OF DISTRIBUTIONS FOR SUBPOP~IONS 
Potential subpopulations of lymphocytes were dissected troll the ISGDs by 
a standard method of ·fitting parabolas to the distribution by hand, by 
fitting Gaussian distributions with a computer program, and by determining 
the size of nuclei of cells separated on a density gradient. 
3.3.1 Hand-fit of Parabolas 
All of the LSGDs for healthy donors and patients with viral disease were 
hand-fit with parabolas for each likely subpopulation. Representative plots 
are shown in Figures 14 to 16 for healthy donors and in Figures 17 to 19 for 
patients with varicella. 
The method usually revealed the presence of 3 aubpopulations in the healthy 
donors and 2 to 4 subpopulations in the viral cases. The three subpopulationl 
from healthy donors clustered at 1.035, 1.048, and 1.056 glee, while the 
subpopulations of lymphocytes tram viral cases were dittusely scattered; 
although, some clustering could be detected at 1.062 glee. Tbil clustering 
is illustrated by Figure 20, the frequency diltribution of modal densities 
of subpopulations at denSity intervals of 0.005 g/cc. This represents the 
number of subpopulations at each interval of density without regard to the 
number of cells in each subpopulation. The major ditferenee between health 
and viral disease was the exiltenee of additional. aubpopulationl of lympho-
cytes during disease. 
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3.3.2 Computer-fit of Gaussians 
Results of the computer-fit of Gaussians to the LSGDs are shown in 
Appendix C, Figures Hl to H25 and Vl to V20, which are detailed in 
Tables I, II, and III. These correlated well with the results of the 
handfitting method, provided information on the relative number of cells 
in each subpopulations, and gave a goodness-of-fit criterion. 
Computer analysis allowed canparison of normalized cell numbers of 
component Gaussians at their modal densities for health and disease. 
The computer analysis gave cell number normalized to a total count of 
1,000 fOr each distribution. For comparison, all distributions for each 
category, disease or health, were sUDllled, normalized to 1,000 and plotted 
on a semilogarithmic scale to emphasize the subpopulations in each density 
interval. Figures 21, 22, 23, 24, and 25 show the modal densities f,)r 
subpopulations of lymphocytes free healthy donors, varicella, measles, 
mumps, and herpes, respectively. 
Comparison of the subpopulations identified for healthy donors with the 
subpopulations iden~ified for each disease cate80ry clearly shows the 
presence of new or additional subpopulations of lymphocytes during disease. 
Further, there is some indication of different subpopulations for different 
viral diseases; although ~ ,additional cases remain to be ch&racterized 
before any conclusions may be drawn. 
3.3.3 CharacterizatiQn of SUbpopulations by Density and Nuclear Size 
Figure 26 shows the nuclear size distributions of lymphocytes separated 
on a density gradient. The lyaphocytes were obtained from a patient with 
aricella. At least three subpopulations are clearly demonstrated by this 
technique; ~ low density, 1.02 - 1.045 glcc, subpopulation with a large 
nucleus ( -cha."lIlel 35); a population with a _all nucleus (_channel 23) at 
density region 1.045-1.058 g/cc and predominant on the low density, ascending 
half of the major peak; and a subpopulation with a large nucleus (_ channel 
30) which appears in the density region 1.058 - 1.064 g/ce aDd predominates 
at higher densities. In addition, the analysit provides Itrona evidence 
for a distinct, fourth subpopulation of lymphocytes with a amall nucleus 
36 
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(>channel 16) in the region ot densities >1.064 glee. 
3.3.4 Miscellaneous LSGDs 
During the course ot this study, LBODs were occasionally obtained by chance 
trom donors that had or subsequently developed disease thought to involve 
cell-mediated immunity. 
3.3.4.1 Serendipitous Observations on Viral Disease 
Figures 27 to 30 show the temporal sequence ot changes in the ISOD during 
a probable virus intection encountered by chance in a donor who was initially 
presumed to be healthy. Figure 27 shows the ISOD three days betore debilita-
ting symptams. The LBGD contains an overwhela1ng number ot cells in the low 
density region 1.02-1.05 glee, an. a peak in the region 1.05 - 1.07 glee that 
is shitted tram the normal position tor healt~ donors to a peak density ot 
about 1.062 g/ce. Figure 28 shows the LBGD at 9 days atter tirst clinical 
symptoms and tollowing recovery tram debilitating symptoms. The LBOD is 
split into 2 distinct peaks at about 1.058 and 1.065 glee. A subpopulation 
at about 1.048 glee is also evident. Figure 29 shows tbe LSOD at 16 days 
atter clinical symptoms. This LBGD is also b1modal with peaks at about tbe 
same density locations as the previous LBOD, but with the peak at 1.065 glcc 
greatly reduced in size compared with the peak at about 1.058 glee. Finally, 
the LBOD at 27 days atter clinical symptoms (Figure 30) bas the appearance 
ot the usual LBOD trom healthy donors. 
Figure 31 shows the LBOD trom a donor on the day atter signiticant 
debilitation as a result ot the "24-hour tlu". This LBOD 11 shown super-
imposed over a LBOD tram the same individual when healthy. Obviously, the 
main pe&k was shitted tram about 1.056 to a position ot slightly higher 
density, about 1.059, and the subpopulation at approxtaately 1.047 glcc 
became conspicuous. 
3.3.4.2 ISOD trom Chronic Skin Cancer 
Figure 32 shows tbe LSOD tram a donor with chronic skin cancer. Thi s 
LSOD has an unusually prominent subpopulatlon at about 1.0~6 glcc ana the 
shoulder at about 1.052 glcc sugge.t. a prominent IUbpopulatlon. Both 
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of these subpopulations are seldom discernible in distributions from 
healthy donors, but are frequently prominent in viral diseases. 
3.3.5 Gradient Char~cteristics 
3.3.5.1 Relationship Be-ween Refractive Index and Specific Gravity 
A plot of refractive index (RI), versus specific gravity, for the batch of 
Ficoll in HBSS that was used for most of the procedures is shown in Figure 
33. The linear regl'ession. y= mx + b, where RI = x and sp. gr. = y, was 
calculat.ed and the constants were tound to be m • 0.90044 and b = 0.4323. 
Th~ linear relationship is also plotted (solid line) in Figure 33. The 
correl~tion coefficient, p, was 0.99974. With dt-4. the null hypothesis, 
H :p.~ is rejected at P<O.OOl. 
o 
3.3.5.2 Gradient Linearity and Similarity 
Figu: .. ~s 34a, b, c & d show the RI versus traction number ot tour gradients 
formed simultaneously using the special gradient tormer. Due to slight non-
lin':·'...rity at the beginning and end ot each gradient, tractioD8 equivalent 
to about 1/10 of the total fractions at the beginning and end ot each gradient 
were discarded and th'e LSGD characterized only over the most linear midrange 
portion. Agreement with linearity over the midrange of the tour fractionated 
gradients shown in Figure 34 is very precise as indicated by calculated 
,correlation coefficients ot 0.99992,0.99982,0.99972 and 0.99987. With dt=20, 
H :p=O is rejected at P<O.OOl. 
o 
Table IV shows the agreement ot the RI tor each traction ot the tour 
simultaneously formed gradients. Statistical comparison results in a 
o = 0.0004 g/cc between identical tractions ot s~ultaneously tormed 
gradients. A composite graph ot all tour gradients is shown in Figure 35 
where the correlation coetticient vas calculated to be 0.9996. With 
dt = d6, H :p-O is rejected at P<O.OOl. 
o 
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SEROLOGY 
DONOR IMMUNIZATION VACCDI Act1l'E CONVALESCENT 
1-1 6-6-74 Influenza 1/8 1116 
1-2 6-6-74 MumP8 1/32 1/32 
1-3 7-9-74 Rubella <1110 <1110 
1-4 7-9-74 Mump8 <1/10 <1110 
1-5 7-9-74 Mump8 1/16 1/32 
1-6 7-9-74 Mump8 1/32 1/32 
I-7 9-24-74 Mumps 1/8 1/8 
1-8 9-24-74 Mumps 1/4 1/4 
1-9 9-24-74 Rubella <1/10 <1/10 
1-10 9-24-74 Smallpox + + 
+ • Serum available, not analyzed 
Note: Serology' conducted by Dr. Da."id Iuaava, BarboI' General Hospital, 
under subcontract. 
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3.3.5.3 LSGD Reproducibility ot Simultaneous Gradients 
Figure 36 shows the results ot equilibrium centrifugation ot lymphocytes 
trom a split sample on simultaneously tormed gradients. The LSGDs were 
reproducible to within to.OOl g/cc ot each other tor identical. prominent 
characteristics ot the distributions. The scatter diagram tor correlation 
ot these distributions is shown in Figure 37 and the correlation coetticient 
was calculated to be .953523. With dt = '16, H :,,-0 is rejected at P<O.OO!. 
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o 4.0 DISCUSSION 
This study clearly demonstrates significant differences between patients 
with viral infections and healtny donors based on comparison ot the specific 
gravity distributions ot peripheral lymphocyte.. Attemp~o to interpret the 
differences in specific gravity distributions ot lymphocytes from donors in 
health and disease must reconcile the dsta with known relation.hip between 
lymphocytes and virus intection and the temporal sequence ot these relation-
ships. Currently, ~uch considerations include: a) oblerved changes in 
physical parameters ot lymphocytes as a result ot viral dise .. e; '0) changes 
in relative magnitude ot the subpopulationl ot lymphocyte. durill8 viral 
intection; c) participation ot lymphocyte. in Tiral di.e .. e .. ho.t cells 
tor acute intections ot man; d) the role ot peripheral lyapbocyte. 
as mediators ot the imune response against viral intection. Altho~h each 
of these considerations individually contribute. to an understanding ot the 
results, their cOIIIIIIOnalities present impelling eTidece for ainitYing 
interpretation and indicate several avenue I tor further research. 
In order to attempt to tully understand the ccap!ex implications of changes 
in the subpopulations ot peripheral lymphocytes with diseases, an exhaustive 
search ot the literature was conducted. This ettort is documented in 
Appendix D, Summary of Literary Review ot Density Gradient Studies. 
Although all of the summarized reports were not directly applicable to this 
study, they tona a toundation for an under.tanding ot the pot.ntial and difti-
culties in the application ot density gradient techniques. 
Reports are scattered and inco.plete regarding chanc.. in p~ical paraaet.r. 
ot lymphocytes as a result of viral d1lease. Thu., chang •• in morpholo~, 
size, and specitic ~ravity have been reported. Changes in IIOrpbology were 
observed as .arly a. 1898 by Turk, vbo reported atypical, IIOnonucl.ar cell., 
considered to be of lymphoid origin. in the peripheral blood ot pati.nt. 
Buttering trom a variety ot intectious di .... e.ll • In 1951, Litwin. and 
Leibowitz .WIIII&rized 30 yeu'. ot ob •• rvation. in a report on abno1'll&l 
lymphocyte. in virus d1leale.12• The, noted that the perc eat .... ot abnol'llal 
1yapbocyt.. le140m exeeeded 10', exeept tor intectiou -...oIlucleosis, aM 
o that the Type III atypical lymphoc7t •• , the lar,.lt ot Type I, II, or III 
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13 
according to Downey and McKinley , was observed only in the very early 
days of illness. In 1967. Woo~ and Frenkel presented a comprehensive 
14 
review of atypical lymphocytes in a variety of clini~al circumstances • 
They Q~scribeu five morphologies of atypical lymphocytes that were most 
commonly associated with viral illnesses and hypersensitivities. These 
14 
usually constituted less than 20~ of the total lymphocyte population • 
They also reported that atypical l~~phocytes were prominent during the 
incubation period and/or during convalescense 14,15 They concluded that 
the significance and !Unction of the atypical lymphocyte were unknown, 
although the scanty evidence indicated a nonspecific lymphocyte reaponse 
to antigenic stimulus and a function in area. of local intlammation aince 
14 16 they have been observed to accumulate in intl .... tory areas ' • In 
relation to this investigation, intormation clearly shows the association 
ot atypical population. of lymphocytes with virus diseases and changes in 
the populations during the course of illnes •• 
Changes in percentages ot subpopulatlons of lymphocytes during virus 
diseases has also been reported in studies of nucleoli of peripheral blood 
lymphocytes. Thus, a marked inCff!!.se of activated lymphocytes, blood 
lymphocytes that actively syntbel~z,e RNA, was tound in the great majority 
ot infectious diseases, particularly for measles, varicella, and rubella17• 
Another study demonstrated changes in the relative percentages of macro-
IB 
nucleolar and polynucleolar lymphocytes in response to viral disease . 
Size (lympbocyte diameter) has &.lso been related to the appearance of 
atypical lymphocytes in the peripheral blood ot patients vith viral disease19 • 
That study shoved an abnormal size distribution tor atypical lymphocytes 
trom patients with acute illness. Although the distributions were not 
similar in shape, they demonstrated a shirt to larger diameters compared to 
the pooled size distribution ot healthy donors. The reported change agrees 
vi th our investigation where major, abnormal subpopulations had unusually 
large nuclei. 
In our 11 terature review. onl,. one Journal publication, 1914. bas reported 
6 
any change in the LSGD ot a donor with viru. infection. In that 
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publication, the LSGD of a donor was obtained by happenstance prior to and during a mild respiratory tract infection. It was observed that an increase occurred in the proportion of lymphocytes in the low density region, 1.06 - 1.07 glcc, of the distribution between 1.06 - 1.08 g/ce. The only other such observation to our knowledge was the research by Kelton in 1969 showing a large subpopulation of lymphocytes in the low density region, 1.05 - 1.075 glee, 3 days prior to severe influenza, as compared with the tiSGD, 1.070 - 1.085 glec, of the same individual wnen healthy6,21. 
Again, our literature review revealed only one study on the effect of virus infection on the relative proportion of the two,maJor 8ubpopulations of human, peripheral blood lymphocytes that are designated T- and B-lymphocytes. It was found that the percentage of T-lymphocytes was depressed in most patients in the early stage of disease, while the B-
21 
lymphocyte proportion was elevated compared with convalescence and controls That observation greatly strenghtened interpretation of the LSGD data. 
Careful analysis of the literature that relates to the relative location of T- and B-lymphocytes within the LSGD shows apparently disparate results. However, the methods and materials, as well as interpretation of data, varied greatly in the reports. Thus, differences can be attributed by differences in material usei to form the gradients, pH, osmolarity, health status of the donor, centrifugation parameters, etc. Nevertheless, the changes in LSGD during viral illness correlate with the indicated location of T- and B-lymphocytes within the LSGD. In our data, the B-ce1ls were believed to be located in the high density region ot the LSOD because of the size of the nuclei in that region and previous experimentation shoving concentration ot PHA-responding cells, a major T-cell subpopulation, in the low density region of the major component ot the LSGD5• Other investI-gators have also provided evidence tor enrichment ot PHA-reacting lymphocytes within the ascending, low density region of the LSGD ot human peripheral blood lymphocytes 22 ,23. However, the reverse locations tor T- and B-cel1s within the LSGD, B-cells in the low density region and T-cells in the high 
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density region, have also been reported under ditferent conditions of 
centrifugation; but the LSGD of the major component shifts toward lower 
densities during virus disease to reflect the expected increase in the 
proportion of B_cells6,24. Thus, the shirt in specific gravity of the 
major component of the LSGD is believed to change in accordance with the 
relative increase in the proportion of B-cells regardless of conditions 
of centrifugation. 
Another possible influence on the pattern ot the LSGD is posed by the 
observed participation of lymphocytes in the disease process. Thus, 
stUdies of the atypical lymphocytes that are associated with many viral 
diseases have shown that their metabolism and initial depression ot RNA 
synthesis in response to PHA suggests that they may contain a latent 
virus25 • Further 1 herpeslike virus has been &Bsociated with diseases 
such as infectious mononucleosis that have a large number of atypical 
lymphOcytes25 • Also, rubella virus. measles virus, and mumps virus have 
been recovered from washed leukocytes of the burty coat of the intected 
2C;.26 27 28 individuals~· , , • All these diseases demonstrate high percentages 
of atypical lymPhocytesl4 • Further, Papp in 1937 was able to transmit 
measles virus infections to healthy human volunteers with washed leukocytes 
from the buffy coats of infected individuals25 ,29. Additional evidence for 
lymphocyte~ acting as host cells for acute infections in man is the known 
replication of different viruses in cultures ot activated, human lymphocytes. 
Thus, herpes simplex virus, vesicular stomatitis virus, and yellow fever 
virus have been observed to replicate in PHA-stimulated lymphocytes and, 
occasionally, in unstimulated lymphocytes30 
Lymphocytes engaged in delayed hypersensitivity response in !i!£ have also 
been shown to support repl:i.cat.ion of viruses31 • It should be noted that 
patients with measles, varicella, and rubella demonstrate numbers of acti-
vated lymphocytes that are several times higher than in healthy subjects 
of correspond' g agel7 • 
A fev observations on viral intected lymphocytes suggest that these cells, 
if present t would be tound in the very low dens! ty region ot the LSGD. 
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First, the activated lymphocytes necessary tor viral replication are 
characteristically large in diameter and are associated vith very early 
infection, as are the Type III atypical lymphocytesI4 ,17. The large, 
atypical lymphocytes or "virocytes" tound in preclinical intection ot 
severe influenza were located in the lov density region of the LSGD5• 
During the course of most acute viral infections, some infected cells 
undergo morphological alterations resembling PHA-transformed cells and 
have increased size and cytoplasmic/nuclear volume rati025 • PHA-
transformed cells have been observed to be present in the very lov density 
region of the LSGD corresponding closely to tbe population observed in 
this study to be in the region ot about 1.035 g/cc20 • 
Probably the most signiticant cbanges in tbe LSGD due to acute viral disease 
occur as a result of the role of peripheral lymphocytes as mediators of the 
immune response against virus infection. Thus, peripberal lympbocytes 
are known to produce interteron, participate in cytotoxicity, 
elaborate antibody, and to have otber immunologic functions such as memory, 
helper activity and viral inactivation. Sucb functions could reside in 
individual subpopulations which could tluctuate in relative proportion in 
response to variations in antigenic challenge. 
Interferon is believed to be an important part ot tbe host immune response 
to virus infection and is elaborated vithin hours ot exposure25 • Only one 
publication related interteron-producing lymphocytes to LSGD. Capacity for 
interferon elaboration vas found in the high density, descending region ot 
the major component of the LSGD and vas separate trom tbe capacity to 
synthesize DBA in response to stimulation by mitOgens32 • Tbe data also 
suggested that capacity for interferon elaboration is not inberent in the 
22 T-lymphocyte subpopulation • 
Cell mediated immunity is conducted by the peripberal lymphocytes and is 
believed to be the primary immune defense against virus intected cells33 • 
The most significant study ot the relationship ot cytotoxic subpopulations 
of lymphocytes to the LSGD vas conducted by Shortman, et al. 34 The 
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study indicated that cytotoxic lymphocytes first appear in the low density 
region34 Similar results were observed in studies of lymphocytes separated 
by velocity sedimentation. The lymphoblast was characterized as the 
important cytotoxic cell in the early immune response (day 3), while both 
lymphoblasts and small lymphocytes were cytotoxic by days 5 and 8, mostly 
small lymphocytes were cytotoxic by day 14, and by day 22 all cytotoxicity 
resided in small lymphocytes35• Several studies have established that 
cytotoxic lymphocytes are T_cells35 ,36. Evidence from the same laboratories 
established that cytotoxic lymphocytes are mainly in the low density region 
in the early phase of the tmmune response37 • Thus, the low density cells 
observed in this study (1.035 g/cc) in the early viral disease may be 
cytotoxic lymphoclasts responding to the virus infection. LSGD 
subpopulations corresponding to the cytotoxic small lymphocytes after 
day 5 may be present in the density region about 1.045 to, perhaps, 
1.055 g/cc based upon increased percentages of lymphocytes within these 
regions during manifest viral illness and a .tailer lubpopulatlon In chronic 
skin cancer. However, this supposal is speculative and additional 
investigation is necessary. 
Of the two major subpopulations, T-cells and B-cells, the B-cells constitute 
about 30% of the peripheral lymphocytes and are characterized by the5,r 
capacity for antibody elaboration. That the B-cells may disseminate an tmmune 
response in a manner similar to the dissemination or cytotoxic eftector cells 
by the T-cell compartment is implied by the literature. Thus, lymphocytes trom 
the peripheral blood have been shown to synthesize specific antibody in an 
tmmune response38• Further, the kinetics of the response indicated to the 
investigators that antibody forming cells in the blood are probably a 
meanin~ful facet of the host's response to antigen38 • From a teleological 
standpoint, plasma cells constitute part ot the inflammatory response in 
local inflammation associated with specific cellular tmmunity which would 
seem to require purposeful dissemination of eftector B_cells39 • It has been 
established that plasma cells develop by ditferentiation trom small lymphocytes 
40 
of the peripheral circulation • Antibody elaborating lymphocytes have been 
identified in the low density region ot the LSGD4l. Another study of the 
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density profile of antibody forming cells showed that these cells were located 
in the ascending, lvw density side of the major component of the LSGD42 
This position ~ould correspond to the approximate/density region of 1.055 glcc 
for the conditions of our investigation. 
Other functional characteristics of lymphocytes have been studied that might 
reside in identifiable subpopulations within the LSGD. Lymphocytes that 
elaborate macrophage migration inhibitory factor have been described as 
large to intermediate sized T-cells that are associated with the lowest 
43 density region of the LSGD • Also, a high density T-cell subpopulation 
has been identified that inhibits mitogenic response to PHA and Con A 
44 in purified T-cells • One study has shown that a nonspecific cytotoxicity 
can be induced in lymphocytes by mitogens that reside in a subpopulation 
separate from the cells that respond by mitogenesis, but not separate trom 
B_cells45 • Another study has shown that the function ot cell mediated 
lympholysis is separate trom functions characterized by the mixed lympho-
46 
cyte response and the T-cell mitogen response • Other studies indicate 
! that cooperation between different subpopulations ot lymphocytes -.y be 
'- -
necessary for a complete immune response t thereby implying the possibility 
47 48 
of yet other subpopulations ' • Still other studies show that direct 
-:r.activation by lymphocytes -.y be one form. ot host detense in infection 
by some viruses30 ,49. Lymphocytes responsible for inactivation of myxo-
virus were characterized as large and medium-sized cells49 • 
The relative proportion of various subpopulations and the shape ot the LSGD 
might also be affected by drugs and by serum tactors that may be iJIImuno-
regulatory. Thus, steroids have been tound to preterent ially deplete the 
recirculating portion of the intravascular lymphocyte poo150. Further, hydrO-
cortisone decreased the transforming activIty ot lymphocytes in response to 
mitogens, particularly the transforming activity following sttmulation by 
pokeweed mitogen5l • Non-steroidal anti-intl .... tory drugs were tound to 
induce swelling in various types of lymphocytes, thereby, perhaps, affecting 
the perm~ability of the cell m_brane to various ions52 • The chemotherapeutic 
drug Cyclophosphamide has been observed to affect subpopulations of peripheral 
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blood lymphocytes 53 • The proportion ot lymphocytes stimulable to synthesis 
of RNA was reversibly decreased, while the nonstimulable proportion was 
increased53 • An example of serum tactors that might regulate proportions 
of lymphocyte subpopulations is the lymphocytotoxin that has been identitied 
in association with viral disease, vaccination, and a few possibly auto~une 
disorders 54 ,55. Such lymphocytotoxic factors may preferentially deplete 
56 T-cells • 
From the results of the experiment and the foregoing discussion ot the 
literature, a tentative model can be proposed which attempts to relate the 
shape of the ISGD to the identity of subpopulations ot peripheral lymphocytes. 
The tentative model is illustrated in Figure 38. Using this model, pre-
clinical viral disease would be indicated by a large proportion of cells in 
the low density region corresponding to virus intected lymphocytes andlor 
large, cytotoxic cells. This population would be expected to be very 
transient and to disappear with the onset of manitest clinical symptoms. 
During manifest symptoms, the major component ot the LSGD which is thought 
to consist of T- and B-cells would be expected to shift slightly to higher 
density to reflect the decreased proportion ot T-cells compared to B-cells. 
Further, we would expect the appearance of cytotoxic lymphocytes in the 
region of about 1.045 g/cc; and, later, the appearance of antibody elaborating 
cells in the region of about 1.052 g/cc. During recovery, the LSGD would be 
expected to gradually return to nor.mal with distinct subpopulations of T- and 
B-cells when their proportion is approximately equal. It must be recognized 
that this model is drawn from few observations, subject to change, and, 
therefore, only tentative. However, the model serves as a conTenient point 
of departure for interpretation of ongoing research, and, also, as a sttmulus 
for establishing objectives in further research. 
Further research opportunities are numerous. As indicated in this investigation. 
inclusion of size of the cell nucleus would greatly enhance the definition of 
subpopulations separated by density. Zucker and Cassen have noted that 
combined cell volume analysis and density gradient separation were necessary 
to observe the populations ot small lymphocytes in their studies5T• Size 
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distributions of the nucleus would obviate the adverse effect ot the variable 
ratio of cytoplasm to nuclear volume and could enhance the identitication of 
subpopulations. The studies of the changes in the nucleoli of peripheral 
lymphocytes during diseast indicate that the subpopulations might be further 
characterized by nucleolar morphology; and. additionally, that RNA synthesis 
and ~~ distribution might be useful parameters. Certainly, studies should 
be conducted to correlate such physical parameters with the known immunolo-
gical functions. Moreover, the changes in LSGD need to be correlated with 
the kinetics of the imMune response in order to best utilize the spectrum 
of physical measurements for description of the temporal protile ot cellular 
immunity. 
In conclusion, this investigation has shown that several virus diseases 
result in distinctive changes in the specitic gravity distribution ot 
peripheral blood lymphocytes. These changes can be interpreted to indicate 
the appearance of new subpopulations and/or ditterent proportions ot sub-
populations of peripheral lymphocytes as a result ot the disease process 
and the associated immune response. In view ot the high degree ot similarity 
of the LSGDs for healthy individuals, the pattern ot the LSGD in conjunction 
with one or more other measurements may be extremely useful in studies of 
the immune system and may be applicable to the diagnosis of disease and 
monitoring the effects of immunotherapy. 
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StM1ARY OF LI'l'ERARY REVIEW OF DElISl'l'Y GRADIEIT STUDIES 
Strain Tissue 
Blood 
Ippb 
Bodes, 
Thoracic 
nact 
Ippbocytes 
'l'onsils 
n,.us 
Method 
Discontinuous 
FicoU 
Gracl1eDt 
(Equil) 
Results 
B-ceUs precla.inate in 
light density tractions 
while T-eells preclcU-
nate in hea'Y,Y denai ty 
tractions 
D.". Tu Blood D1scontiDUOWl Azathioprine theraW in 
P.J. Cl __ ta FicoU rh .... tic patieDts vas 
J.B. Peter GradieDt not tounel to alter tbe 
J. Ln7 H,.. (BquU) T-B proportions in the 
APP~X D 
eo..ents 
B.I. Paulus • blood Ulel cliel not cbUlse i 
I.V. s.rn.tt the density clistribution. J 
Arthritis • i 
Rb_ti_ 1 
II :3T..JJS (1911J) 1 
,~ 
R.S. Geba 
".S. Ros. 
B. Merler 
•• tare. 2118: 
1J26-IJ28 (19T~) 
R.S. Oeba 
J.G. Cati_ 
R. JtaraD 
J.D. Cra1D 
".S. 8I»a ... 
I ..... ler 
Clinical. T-...olog 
• T-.opatbDloc7. 
!:~OIJ~lS (19T~) 
H,.. 
II-. 
'!'onsU 
Bone 
Marrow 
DiacontiDU0U8 
BSA sndieDt 
(BquUibT) 
Diacontinuous 
BSA srad.ient 
(EquilibT) 
D-l 
Pure populations ot 'fU 
cells obtained by sraclillllt 
Ulcl roaette tecbn1quea. 
PQre B cells shown to be 
unreaponsift to PIA. 
'lop ot poa4ient rich in 
cella with hiah rate ot 
DlA sJ'lltheaia Uld abUity 
to produce coloQ7 toraiDs 
uni ta. Mielclle ot sraclient 
cells ba.e atrcaaeat re-
sponse to allo-Ultiaena • 
Botta. of gradient "... ricb 
in B-cells. 
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StMtARY OF LITERARY REVIEW OF DERISTY GRADIENT STUDIES (CORT) 
Speeies 
~ 
HUUD 
a ..... 
a ..... 
Strain Tissue 
Blood Blood 
Blood Blood 
Bone Marrow Bon. 
B 
Marrow 
s,.norlal 
nuid 
Blood 
Method 
Discontinuous 
BSA dens it,. 
gradient 
(Equilibt) 
SUcrose-pl ..... 
linea' denait,. 
gradient 
,veloc:it,. 
sediaentation) 
Ficoll-
isopaque 
one step 
gradient 
BSA Daasit,. 
Gradient 
(Equilibt) 
D-2 
-
Results 
Studied patients with 
"acquired" 88_e g10bu-
lineaia. Found that all 
cells in the 'botta. 1/3 
ot gradient (10-15% ot 
total) were absent in peop1e 
who lack B-1J1lPboeytes. 
Cells separated into two 
tractions. Upper traction 
enriched in aall lympho-
cytes. Lover traetion 
enriched in granulocytes 
and leucocyte precursors. 
Separation ot l~hoeytes 
tn. synovial fiuid in 
patients vi tb rbeuaatoid 
arthritis. 
3 subpopulations obtained 
1st: Top 1/3 ot gradient 
rich in cells with 
high rate ot spon-
taneous DRA B7Dtheais 
• colO87 tormq 
units. 
2nd: Rich in T-cell. 
(.id41e 1/3 ot 
gradient) 
3rd: Rich in B-eells 
(bottoa 1/3) 
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StMofARY OF LITERARY REVIEW OF DEIISITY GRADIENT STUDIES (CONT) 
Species Strain 
Hu.an 
R-..a 
H-..a 
R ..... 
Tissue 
Blood, 
'l'boracie 
Daet 
{ppho-
eytes 
'rboraeie 
J)Qet 
!.Japbo-
eTtes 
Blood 
Lymphoid 
Cell 
Lines 
Method Resul.ts 
Diseontinuous In blood & lymph, lympho-Fieoll gradient eytes shoved a decrease (Equilib) in number and a shitt to 
lover density during pr0-
longed tboN.eie duet 
drainage. 'l'hi s suggests 
tbat high density lympbo-
eytes normally reeireulate 
and that low dend ty 
lymphoeytes baye prolifer-
ated in response to tbe 
depletion. 
DheOllt1maowl 
Fieo11 
density 
sra4ient (Equilib. ) 
I80pyenie and 
prosre:-ed 
rate zonal 
eentrituga-
tion 
Veloeity 
Sedimen-
tation 
n-3 
Seperated l.Japboqtes into 
subpopulations whieb 
differed in .,rpbolOQ, 
basal unstiaulated 3R-'.MR 
ineorporation and response 
to st1Jlu1ation by PBA and 
PMW. 
Ettectiye and rapid means 
tor separation ot lympho-
eytes and granuloeytes 
trail blood. 
Separation ot eells into 
G, St & G2 phase of 
reproduetive eyele. 
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T.G. Pretlov II, 
D.E. Wberott • 
L. J. H..u,toll 
P. C. Weinberger 
W. A. Ma4dox • 
J. R. DuraIlt 
Cancer 31: 1120-6 (1913) -
D. Al.gca • 
M. Richter 
LaboratoZ7 
Inftsti&atioll -~: 
581-59" (1913) 
B.F. IleDdes 
M.E.A. TolDai. 
B.P.A. SilTeira 
R.B. Gilberta ... 
R.S. Metapr 
J. IJ.uDol. lll: 
860-861 (1913) 
R.S. Geha 
E. Schneeberger 
F.S. Ros .. & 
B. llerler 
J. 1Zp. Medicine 
~:1230-l241 (1913) 
(~ 
H\IIIIIUl 
H\I1II8Il 
IbIan 
u.an 
Spleen Isokinetic 
(Hodgkints Gradient 
Disease) ot Ficoll 
Blood 
Blood 
Blood 
• Tonsil 
Discontinuous 
BSA Gradient 
(EquUiibt) 
Ficoll-~e 
2 step 
gradiellt 
DiBcontinuo\18 
BSA gradients 
(Equilib?) 
D-4 
'-
Separation ot 
Lyaphocytes trom 
so11d tumors. 
Cells separated into 
tractions and response to 
various mitogens 
aeasured. III chronic 
lJllPhocytic leukemia and 
acquired ~ammablobu­
lin'!lllic patients, only the 
light tractions responding 
to Tarious aitogens. 
Specific depletion of B-
rosette torming cells 
(T-cells) or DC rosette 
fol'lliag (B-cells) i'roa a 
mixture of the two. 
Relat1ftly pure populations 
ot T- • B-cells were ob-
tained. Proposed that 
m.an T-cells secrete a 
soluble product which, in 
combination with the 
antigen, triggers the B-
cell into division and 
antibody secretioD. 
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c.S. Aupst 
E. Merler 
P.O. Lucas • 
C.A. JaDev&7 
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SUMMARY OF LITERARY REVIEW OF DENSITY GRADIENT STUDIES (CONT) 
Species strain 
HUIDUl 
H~ 
H.an 
Tissue 
Blood 
Tonsil 
Thymus 
• Tonsil 
Method 
Discontinuous 
Ficoll 
gradient 
(Equilib) 
Discontinuous 
BSA gradient 
(Equilib?) 
BSA density 
gradient 
(Equilib?) 
Results 
Lymphocytes fractionated and 
mixed with maerophages. 
Lymphocytes between 1.015 • 
1.090 produced greatest 
eft'ect on macrophage 
electrophoretic mobility. 
Dense Cells vere found to 
specit'ically take up 
antigen. 
COIDIlents 
Lymphocytes separated into at 
least 3 populations. The 
first contained large aDd 
medium size lymphoblasts with 
spontaDeous mitotic activity. 
Second population vas 95% 
teall lymphocytes which re-
sponded to PHA, tetanus toxoid 
and allogenic cells. The 
third contained more dense, 
saall lymphocytes which re-
sponded poorly to mi togens. 
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Reterence 
B. P. Argris 
'lraDaplaDtation 
1l:387-391 (19711) 
V.C. Vallen 
J.B. Dean • 
D.O. Lucas 
Cell I-.mol. 6: 
110-122 (1973)-
A. B. OreeDbers 
Baropea J. 
T-.wl.1.: 
193-191 (1973) 
o 
Species 
Mouse 
Mouse 
Mouse 
Strain 
C51BL/6 
CD-l 
C3B 
DBA/2 
Tissue 
Sp1een 
Spleen 
Spleen 
l~ ---
~-
Method 
Discontinuous 
BSA gradient 
(Equilib1) 
Discontinuous 
BSA gradient 
(Equilib1) 
Linear 
Ficol1 
gradient 
velocity 
sedimentation 
(-, 0-6 
-'-
Results 
Gradient gives sub-
population ot ce11s 
(g Positive) ot medium 
density enriched in 
graft vs. host activity 
Spleen cells separated 
into 6 tractions. Ce11s 
from each traction cul-
tured with several. 
general. mitogens and 
with a specific antigen 
PPD. The cul.tures were 
then assayed for mito-
genesis and interferon 
production. Interteron 
producing cells were a 
ditferent population 
than the cells under-
SOing a DBA synthetic 
response. 
Sedtaentation provides a 
simple, reproducible Ii 
method tor tractionating 
l11llPbocytes tl'Om l7llPho-
blasts. The T-lympho-
b1ut vas found to be aD 
important cytotoxic cell 
in the early ~e re-
sponse to allo-antigen. 
At a later time, in the 
~e response, the 
amal.l. l7llPbocyte vas 
sbow to be the predomi-
nant cytotoxic cell. 
Comments 
Also evidence tor 
light density rosette 
forming g positive 
population. 
aesults suggest a 
2-oell requirement 
tor interteron pro-
duction in response 
to mitogens or PPD. 
Also. resul. ts sugseat 
interferon producers 
are not a thyauS 
dependent lymphocyte 
population. 
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SUMMARY OF LITERARY REVIEW OF DENSITY GRADIENT STUDIES (CONT) 
Species Strain Tissue 
Mou8e CBA Spleen 
Method 
Velocity 
sedimentation 
and linear 
BSA gradient 
(Equll1b?) 
Results 
Partially puritied 
populations ot cells 
were produced by 
density gradient. 
Several tractions were 
shown to contain pre-
cur80rs ot plaque-
torming cells. 
e 
CODlDents 
Reterence 
K. Short.aD 
W.J. Byrd 
J.-C. Cerottini • 
IC. '!'. Brwmer 
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D. Osoba 
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s. Ironda 
E. Stockert • 
R.'!'. Sldth 
Cell. t.IuDol. 1: 
215-289 (1913) 
o 
SUMMARY OF LITERARY REVIEW OF DENSITY GRADIENT STUDIES (CONT) 
Species 
f,buse 
Mouee 
Mouse 
Strain 
CBA/U 
Tissue 
Spleen 
Thymus 
Method 
Linear BSA 
gradient 
(Equllib1 ) 
C5TBL/6J 
DBA/2J 
C3B/HeJ 
Bone Marrow Linear 
Spleen 
CBA, A/ J , Thyaus 
C57BL/6 
AD 
Ficoll 
density 
gradient 
(Equllib1) 
Discontinous 
BSA gradient 
(Equil1b1) 
tj n-8 
Results 
In the spleen, dense 
T-cells respond to 
PHA tar more than light 
T-cells. In the thymus, 
only light cells respond 
to PHA or PWM. Dense 
cells were unresponsive. 
Progenitors ot T-cells 
are lighter in density 
than T-cells. 
Two subpopulations 
identitied by density 
and antigen patterns. 
MaJor subpopulatioD 
consisted ot small 
lymphoid cells, is 80-
9~ ot total cells. 
high density and rich 
in Q. TL, a, x, LY-A, 
LY -B and LY -C, but 
little cr No. B-2. The 
minor subpopulation was 
law density, large 
lymphoid cells, COlll-
prised 10-15% ot total 
cells and was relative-
ly rich in H-2, but low 
in the above~entioned 
antigens. 
COJlDllents 
In the spleen, 
dense T-cells 
were non-adherent 
in column separa-
tions. Light cells 
were adherent. 
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SUMMARY OF LITERARY REVIEW OF DENSITY GRADIENT STUDIES (CONT) o 
Species 
HUJI8D 
Mouse 
Mouse 
Strain 
OA/H 
Wehi 
dAUJ/C 
AD 
Tissue 
Blood 
Spleen 
Th1mus 
Bone 
Marrow 
Spleen 
L)'IIlph 
Node 
Method 
Discontinuous 
BSA gradient 
(Equilib?) 
Linear BSA 
gradient 
(Equilib?) 
Discontinuous 
BSA gradient 
(Equllib1) 
Results 
Normal lymphocytes are 
separated into three sub-
populations by density 
gradient technique 1) Top 
1/3 ot gradient is rich in 
cells characterized by a 
high spontaneous rate ot 
DNA synthesis, 2) middle 
1/3 is rich in T-cells. 
Bottom 1/2 is rich in 
B-cells. Several patients 
with X-linked agammaglobu-
linema were tound to be 
totally deticient in B-
l)'lllphocytes • 
A low ionic strength butter 
causes damaged cells to 
aggregate and adhere to 
cotton YO 1 columns much 
more than viable cells. 
This is considered a 
simpler method ot elimina-
ting nonviable cells than 
the density gradient 
method. 
Spleen cells separated 
by gradient. Fractions 
displ~ed both increased 
and diminished PHA:CON A 
stimulation ratio. Least 
dense cells had diminished 
PHA:CON A ratio. 
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StNIARY OF LITERARY REVIEW OF DENSITY GRADIENT STUDIES (CONT) 
Species 
Mouse 
Mouse 
llDuae 
Strain 
C51BL/6 
C3B/4e 
AKR 
CBA 
A/J 
C57BL/6 
CBA 
Tissue 
Spleen 
Thymus 
Spleen 
Lpph 
lode 
Spleen 
Method 
Discontinuous 
BSA gradient 
(Equilib) 
Discontinuous 
BSA gradient 
(Equ11ib!) 
Linear BaA 
Gradient 
(Equillbt) 
Velocity, 
SediaeD-
tation 
~ 
'-
0-10 
Results 
The Light density trac-
tions are enriched in 
plaque torming (anti-
body tOrming) cells and 
rosette torming (T) cells. 
The bone marrow derived 
(B) cells in the bottom 
part ot the gradient 
seem to be antibody 
tOl'llling precursor cells. 
A minor low density 
population was derived 
b7 gradient centritu-
gation. This popula-
tion vas tound necessary 
tor 81SPh vs. bost 
reaction. 
Veloclt:r sedtaeatatlon 
usetul tor el1aiDatlng 
ver:r tiDe and very coarse 
cell debris. densit:r 
s~tatioD usetul t'or 
el1a1nating damaged cells 
(at pH 5.1) or 4aaged 
cella aDd er,rthroid cella 
(at pH 1.2). 
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StIIMARY or LITERARY REVIEW OF DENSITY GRADIENT STUDIES (COlT) 
Species 
Mouse 
Mouse 
Mice 
Strain 
C57BUJ/J 
C3B/f' 
C5TBL/6 
CBA 
Tissue Method 
Splee~ Discontinuous 
BSA gradient 
Lymph Node (Equilib'l) 
Bone 
Marrow 
Ipph 
Bode 
Spleen 
Spleen 
Thymus 
Discontinuous 
BSA gradient 
(Equilib' ) 
Linear BSA 
gradient 
(Equilib') 
Results 
Large, less dense cells 
(80% of' total cells) were 
inert in graft vs. host 
rxn. Saaal1 dense cells 
active in G. V.H. Bone 
marrow is domicile ot 
8IIIILll, long-lived 
th1mus derived lympho-
cytes. 
Rosettes toraed by 
cc.pleraent receptor 
lymphocytes with sen-
sitized erythrocytes 
were puritied by den-
sity gradient sedimen-
tation. Complsent 
receptor lJIIPbocytes 
are ul traatructural17 
very unif'ora, ...:1.1 
~hocytes. 
Density gradient used 
to stu~ develo}:aent of' 
CTtotoxic l,.:phocytes, 
separate ad character-
ize their progenitors 
and deteraine their 
relationships to sub-
populations ot T-cells. 
ec-ents 
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J. Mitchell 
z-uDolOU' 22: 
231-21a5 (1m) 
Mouse CBA Spleen 2-Step BSA 
gradient 
D-11 
Used gradient to 
separate live cells 
tro. dead cells. 
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SUMMARY OF LITERARY REVIEW OF DElfSITY GRADIERT STUDIES (COlT) 
Species 
Mouse 
Mouse 
Mouse 
Mowle 
Mouee 
StraiD 
CBA/B 
c57BL/6 
C51BL6/J 
C51BL6/J 
C31T/HeJ 
AICR 
C56BL/6J 
CBA/B 
Tissue 
Blood 
Spleen 
Ttvaua 
1'h1mo-
cytes 
~­
cytes 
Ippb 
lode 
• Bone 
Marrow 
Spleen 
• Tbyaus 
Method 
LiDear BSA 
gradieDt 
(Equilibt) 
Discontinuous 
BSA gradients 
(Equilibt) 
DiscontiDUDus 
BSA gradients 
(Equilibt) 
Discontinuous 
BSA gradients 
(Equilibt) 
Linear BSA • 
Ficoll 
gradients 
(Equilib?) 
,,-
D-12 
i ! 
--
Results 
Cells adherent to glass 
bead colUIIDs are light 
denai ty, non-adhereDt 
cells, are dense. 
antibody tol'lling cells 
and cytotoxic lympbo-
cytes vere predaa1nantly 
light adherent cells. 
ldentiticatioD and 
recoyery ot an iaauDo-
cCllllpetent subpopulation 
ot mouse thymocytes. 
Co.aeDts 
DeDsity gradient separation 
shown depletion ot immuDo-
co.petent cell populations 
ot the th,aus by anti-
lyapbocyte serum. Compares 
normal Deonatal vIals 
treated neonatal. . 
Contirmation ot Tbymus-
boDe marrow cooperatioD 
during in vitro sensiti-
zatioD to transplantation 
antigens. 
DeterminatioD ot the etfect 
ot pH OD the buoyant den-
iii ty ot lymphocytes and 
erythroC7tes. 
Previous work used 
D.G. to obtaiD 
subpopulatioDs 
participating iD 
in vitro sensiti-" 
zation As's 
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S(M(ARY OF LrI'ERARY REVIEW OF DENSITY GRADIENT STUDIES (COlIT) 
Speeies Strain 
Mouse C3H/H JO i e e 
C51BLI 
WO
ei 
Mouse C51B 
Mouse BALB/c 
Jt)use CBA 
Tissue 
Bone 
Marrow 
• TtQaua 
Perl-
toneal 
Cells 
Pl ...... -
cytoma 
Tumor 
Spleen 
• 
'l'b,aua 
Method 
Velocit7 
Sedimentation 
Ficoll Linear 
Densit7 
Gradient 
rate-zonal 
centrifugation 
IaoP7cnic • 
I sok1netic 
Ficoll linear 
gradients 
(Equilibt) 
Linear BSA 
gradient 
(Equillbt) 
D-13 
Results 
Physical characterization 
ot' precursors ot' B-c ell s • 
Developed method to 
separate lymphoc7tes 
tram peritoneal cells. 
Separation 01' lI&ligaant 
cells traa benign cells. 
Separation 01' subpopula-
tions 01' T • B l~phoc7tes. 
1) Minor population 01' 
t~s cells with high H-2 
• low Q corticosteroid 
resistant. low densit7 
2) BIT cells haYe oYer-
lappiDg distributions. but 
scae regions earlehed tor 
Tor B 
3) Dirterent .auae strains 
had dirterent T&B distri-
butions 
4) EAch antigenic type 01' 
lymphocyte had densit7 
heterogeneit,.. 
5) Den.it,. distribution 01' 
cells in spleen • thymus 
similar. 
6) High B2 low Q starts 
eo.nents 
in t~s. goes to peripheral circulatioD 
high Q. loy H-2 stays in thymus. 
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StMMARY OF LITERARY REVIEW OF DEBSITY GRADID'l' STUDIES (COBT) 
Specie. Strain 
Moue •. CBA 
Tissue 
Spleen • 
'l'bpwI 
Method 
BSA Gradient 
(Equllibf) 
and Teloci t7 
.ec11aentation 
Re.ult. 
Separation ot rosette-
tol'lling cell. into sub-
population. pos .... ing 
di.tinct t..uaolOlical 
tunction •• InTe.tigated 
interrelationship. be-
tween these .ub-
ec-ent. 1 
'1 
.~ 
~ 
J 
1 
i j 
, 
B. "foe ..... r "'ue CBA/B Bone Linear BSA Spleen cell. t'ractionated By uaing bone IIUTOV t 
K. Sbortaul • C5TBL Marrow gradient on gradient. AetiYit7 ot and tbJaus. it ... ] 
populations. 
P. Ad-. Spl (Equilibt) each traction .. a target tound that oD17 B- j 
3. BKp. Ile4ic1De . een in the aixed l~boC7te cell. act as tarset•• 1.'. y!:1Q8-1660 (19'/2) "ft\JmUo ....,UOD .... -..red.  
Moue C51BL/6J Lyaph Di.continuous Five .ubpopulation. ot j 
L. LAn .... 
•• 3.~ 
R.G. NUler • 
R.A. PblU1pe 
Ser. a.-t. 1: 
50-63 (1912) 
o 
Mous. 
C3B/BeJ node BSA gradient l,-ph node cell. ob- ~ 
• (Equllibf) tained. Light • aediUll ~ 
BDn 
bone tractions needed tor n!
II&l'TOV 
Bone 
II&lTOV 
Spleen 
Th1aus 
Yitro .en.itization to 1 
alloant18en.. FiTe sub- '. 
,opulation. ot bone • 
marrow cell. obtained. ~ 
0nl7 top two f'raction. ,~ 
required. tor !!. vitro 'I 
.en.itization. < 
Velocit7 Precursor. ot B-cell. 
.ed1aentation are di.tinct traa 
hf!llOpoetic st .. cell., 
but ~ be deriTed 
f'rQlll the It.. cellI. 
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StMIARY OP LI'l'BRARY REVIEW or DEKSrrY GRADIENT STUDIES (COlT) 
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RefereJlce 
B.C. Miller • 
G. CU4tovica 
ScleDCe ll.: 
913-915 um) 
J. Pelet 
IC. T. BruaDer 
A.A. JorUR • 
J.-C. ~tlnl 
aar. J. I_mol. 1: 
238-2112 (l9Tl) -
IC. Sbortaaa • 
J. Palaer 
Cell z-uao1. 2: 
399-1110 (1911)-
IC. Sbort..a 
J. CeU. ~io1. 
n: 319-330 (1911) 
Specie. 
Moue 
Mouae 
Mouae 
Mouae 
strain 
C3B 
C5TBtJ10 
C51BtJ6 
eM 
C5TB 
BALB C 
LL_:-_"U""_~ ~, ...... ,.' ,*""","d~_'~';"_M:.~'",,--""'::=:,~:::===~~,-::,~=,":',"· ,- ' 
Tissue 
Bone 
aa:rrov 
Spleen 
Method 
Discontinuous 
BSA gradient 
(Equilibt) 
Discontin1Jious 
BSA gradient 
(EquUibt) 
Peritoneal Linear BSA 
exuclate gradient 
cells (Equilibt) 
Spleen 
Spleen 
Thoracic 
duct 
Ippbo-
cytes 
Tbyaua 
Linear BSA 
gradient 
(EquUibt) 
D-15 
Results 
Bone aarro¥ cells capable 
of generating IgG or IgM 
vere separated by densi t7 
gradient centrifugation. 
IgM producers denser thaD 
IgG producers. 
Alloantiboq plaque-
fondag cells are follDCl 
prec1caillUlt17 in low 
deD8itie •• c"totoxic 
17llPboC7tes are found 
.. inl7 in the aediua &Del 
hlah dena1 ties • 
Sbova that light, ad-
herent radiation rea1.-
tUlt "accee80ry" cell 
needed for in vitro 
response of-.nia---erJIIPbo-
qtes to sheep 8r7thro-
cytes is a aacrophage. 
Ttvaua baa lIOre den.e 
cells than .pleen or 
thoracic Gct. Large 
l,.pboc7tee general17 
1esa denae than ...u. 
lyaphoC7tea. 
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StIIURY OF LITERARY REVIEW OF DElSITY GRADIEIT STUDIES (carr) 
Species 
Moue 
Rat 
Mouse 
Moue 
Mouse 
Rat 
Strain 
en 
Charles 
RiTer 
CBA 
TJBA/2 
eM 
Tissue 
Bone 
II&rI'OV 
Bone 
!'l&ITOV 
Spleen 
~ 
Spleen 
~ 
C3B/BeJ Spleen 
C3B/BeOCi 
c51BL/6J 
riBher 
)I." 
Method 
Linear 
sucrose-
.~ 
gradient 
(velocitT 
sediaentation) 
Discontinuous 
BSA sradient 
(Equilibt) 
DiacontiDuou 
B8A p"a4ieDt 
(Equilibt, 
Linear PicoU 
sn4ient 
(Equilibt) 
0..16 
-
Results 
~our -.Jor tractions 
recO"f'ered rro. gradient. 
Three traetions 99' 
pure lJllPboqtes. High 
reproducibility o~ 
purity and yield. 
A low dens itT t~ cell 
population vu ~OUDd to 
be the cooperatift 
"helper" cell ilrft)lYe4 in 
the response to sbeep RBC 
antisenic cballeage. Tb1e 
population couist. o~ 
30' ...u 11llPboc7te. aDd 
10J larp lJIIPboid cel.l. 
aDd blast •• 
Den.itT gradient u.ed to 
.t~ tlQ .... "'\.tsed alce. 
Spleen cel.l. DOJ'IIal, but 
decreased in PIA reapon-
si.-e.s. Denae cel.ls 
perticularlT reduced in 
PIIA respouiT8Des.. In 
the tb1aU, 11&ht cells 
were PIA reapouift, low 
0, aDd hip apontaDeoua 
iliA .TDthesi •• 
Antlboq ~ond.D8 cel.l. 
baIl4 in a a1DSle peak 
at 1.010 s/cc. 
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StMtARY OF LrrERARY REVIEW OF DElISITY GRADIEI'r STUDIES ( COlT) 
__________________________________________________________________________________________________________ ~I'l 
I i 
Rel"ereDce Species Strain Tissue Method Results Cc.aBeDts 
__ __ ____ B/C Spleen Diacontinuoua El"l"ect 01" Tarioua aitosena i 1 BALBI 
D. PeaY7 • »SA gradient on apleen cell subpopul.a- I i 
R.If. SII1th (Equilibt) tiona vas determined. i j 
Cell r-unol. 1: Cooperation betveeD popu- l' 
18-91 (1910) - vas suaeated in BOlle casea. . 
R.I. Mlsbell MoWle C51BL/6 Spleen Discontinuous Density gradient aeparated . I 
R. W. IMtton • DBA/2 BSA gradient apleen cell aubpopulationa I 
D.J. Ra1clt (Equilib!) vere tound to cooperate l 
Cell 1-.-1. 1: in the t..me reaponse. 1 
115-181 (1910)- il 
C. liaco H~ Blood Diacontinuoua ec.ple.ent receptor lJIIPbo-l 
R. Patrick • BSA gradieDt cTtea (~ cells) are in j 
Y. Iuas ..... iB (EquUib) a1p1l"icantly higher pro- , ,~ 
portioD in the upper llQ'era ~ 
01" the gradient. 1 j 
-----------------------------------------------------------------------------------------j i 
102-119 (1910) 
M.G • ..... 
V.B. BnIuI • 
I.A. PeterBOll 
Proc. Soc. Bzpt. 
Biol •• Meet • .!ll.: 
~18-Ul (19681 
Mouse BAUJ/C Spleen DiscoDtinUOWl 
sucrose 
gradient 
(Telocity 
aecl1aeDtatioD 
at l-G) 
D-17 
18 1"01cl enric_eDt 01" IIIltiboq 
plaque-l"onaiD8 cella by 
aecliMntatioD at l-G. 
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Reference 
Y. Kiaoshita 
S. Kiau.r& 
M. FukeaiJ;41 
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Exp. Cell. Res. 86: 
136-1"2(197") -
W.E. Bowers 
J. Cell Biology ~: 
177-184 (1913) 
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SUMMARY OF LITERARY REVIEW OF DENSITY GRADIENT STUDIES (CONT) 
Species 
Rat 
Rat 
Rat 
Rat 
Strain 
Wistar 
BO 
BB 
BII 
DA 
Levis 
Tissue 
Tb;ymus 
Thoracic 
Duct 
Lyapho-
c;ytes 
Blood 
Lymph 
node 
Method 
Discontinuous 
gum acacia 
gradient 
(Equilib? ) 
Zonal 
centrit'u8a-
tion 
(velocity) 
and isopycnic 
density 
centritugation 
Discontinuous 
BSA gradient 
(Equi1ib) 
Linear BSA 
gradient 
(Equilib! ) 
D-18 
~ 
Results C~ents 
Three kinds ot lymphocyte 
populations were found. 
Surface antigens of the 
different populations 
were found to differ fram 
each other. 
Developed method of 
separating thoracic 
duct lymphocytes 
according to siJ;e. 
Shaved lysosome. and 
large amount of 
cathespin D present, 
mainly in small 
lymphocytes. 
Lymphocytes separated into 
subpopulations. All sub-
populations respond euq1ly 
to alloantigens. Cells of 
intermediate density re-
spond to PHA at concentra-
tions equal to that for 
untractionated cells. Low 
and high density cells 
respond poorly to PHA, but 
vhen mixed show enhanced 
response. 
Lymph node lymphocytes 
labeled with 3D-TdR vith 
or vi thout immune stimulus. 
Wi th iJlaaune stimulus, the 
proportion of light cells 
«1.07 g/cc) vas greater 
than without stUDulus. ~ 
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SUMMARY OF LITERARY lmVIEW OF DENSITY GRADIENT STUDIES (CONT) 
Species 
Rat 
Rat 
Rat 
Toad 
Rat 
Strain 
Levis 
Wistar 
Levis 
!ufo 
Marinus 
Fiscber 
Tissue 
Lymph 
node 
and 
thymus 
Thymus 
Blood 
Spleen 
Spleen 
~us 
Thoracic 
Duct 
Cells 
l"iethod 
Discontinuous 
BSA gradients (Equi1ib?) 
Dene1ty 
gradient (Equilib?) 
Linear BSA 
gradient (Equilib?) 
Discontinuous 
BSA gradient (Equil1bf) 
~es'llts 
Separation of rat thymic 
subpopulations. 
Antisera prepared against dense thymocytes enhanced tumor growth remarkably. 
Gradient used to study 
antibody' fOl'llil18 cella in 
rat and toad. In the toad, 
a definite sequence of density peaks appeared progressively duril18 the 
response to antigen. In the rat, cells makil18 
various antibo~ classes gave different density profiles and could be partially separated fro. 
eacb other. 
Separation achieved between 
antibod7 producing cells 
and small lympboid cells. Thymocytes can be dis-
tinguished trom thoracic duct lymphocytes. Rat 
thymocytes are smaller and denser than thoracic duet 
cells. 
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Rererence 
11. Kratt • 
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Auat. J. Exp. 
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11··20-(1911T 
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8pee1es 
Rat 
Mouse 
Rat 
Chicken 
Guinea 
Pig 
Strain 
Levis 
CBA 
Wister 
White 
Leghorn 
Line P 
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Tissue 
Blood 
Lymph 
Node 
Spleen 
Thoracic 
Duct 
Lympho-
cytes 
Blood 
Lymph 
Nodes 
Spleen 
Thoracic 
Duct 
Lympho-
cytes 
~ 
Lymph 
Node 
Mp.thod 
Linear 
BSA gradient 
(Equilib?) 
Linear 
BSA gradient 
(Equilib?) 
Discontinuous 
BSA gradient 
(Equilib? ) 
Discontinuous 
~SA gradient 
(Equllib) 
"_t' 
D-20 
~ ... 
Results 
IgM producing cells from 
rat spleen round mainl7 
at densities or 1.0547-
1.0558 and 1.0636-1.0649. 
A circulating antibo~ 
torming population of 
cells was enriched 100 
t~e8 by density 
gradient techniques. 
Enriched antibo~ forming 
capacit7 in low densit7 
cells. Gratt vs host 
reaction tound:Ln high 
densit7 cells. 4-1/2 
week old chickens do not 
show this separation, 
while 10-veek olds do. 
Macrophage migration 
inhibito~ ractor pro-
duction limited to 
lymphocytes or low 
density. 
Comments 
Evidence presented 
tor distinct stages 
rather than a con-
tinuum in the 
development ot the 
antibody-rorming 
cell. 
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SUfoIotARY OF LITERARY REVIEW OF DENSITY GRADIENT STUDIEE (CORT) 
Reterence 
O. Ruddk. 
J. BieneDstock 
Lab. InTeR. 30: 
260-266 (191"" 
11. 1Cra1't • 
IC. SbortmaD 
J. Cell. Biology ~: 
"3M52 (19T2) 
Species 
Rabbit 
Toad 
Strain Tissue 
New Zealand Gut 
White Mucosa 
B. 
Marinus 
Blood 
Spleen 
-----_.-
------~--.~-----+ ~. 
Method 
Two step 
BSA gradient 
(Equilib?) 
Linear 
BSA gradient 
(Equilib?) 
Sedimentation 
velocity 
D-2l 
Results 
Developed method for 
isolation ot lympho-
cytes tram gut mucosa. 
Ditferentiation ot 
antibody forming cells 
(AFC) tollowed by den-
sity and size. Anti-
body tormers were 
puritied IT-told by 
density and l40-told by 
velocity sedimentation. 
.. 
o 
Comments 
Results suggest APe 
starts as a large, 
light, dividing 
"blast" cell and 
becomes identical 
to a small l1JDpbo-
cyte in size 
density and morpho-
logic appearance. 
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